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NATIONAL AERONAUTICS AND SPACE ADMINIS!EATION 

TECHNICAL MEMORANDUM X-128 

TRANSONIC AND SUPERSONIC EJECTION RELEASE CHARACTERISTICS 

OF SIX DYNAMICAUY SCALED EXTERNALSTORE SIFAPES FROM AN 

0 .O86-SCALE MODEL OF A CURRENT FIGHTER AIRPLANE!* 

By William F. Hinson 

SUMMARY 

An investigation has been made to determine the capability of a 
current fighter airplane to satisfactorily eject external stores at 
transonic and supersonic speeds. These stores include a bomb of fine- 
ness ratio 8.33 (bomb l), a bomb of fineness ratio 7.57 (bomb 2), a 
weapons pod of fineness ratio 9.20, a pylon-mounted fuel tank, a pylon, 
and a wing-tip mounted fuel tank. 

Satisfactory releases were obtained with bomb 1 (free-stream Mach 
number of 1.98 and high altitudes) and with bomb 2 (free-stream Mach 
number of 0.9 and low altitudes). 
with the basic body configuration of the weapons pod at a free-stream 
Mach number of 1.39 and high altitude. 
at the same conditions above, was obtained by the addition of a horizontal- 
tail f‘in. 
obtained with an empty wing-tip tank (high altitude) and with an empty 
pylon tank (high altitude). 
large negative pitch angles in the immediate vicinity of the airplane 
model. This caused the tail of the pylon tank to remain close to the 
wing trailing edge for approximately 25 milliseconds (model scale) after 
release. Clean pylon separation was obtained at high subsonic speeds (low 
altitudes) and supersonic speeds (high altitudes). After release the 
pylon experienced erratic motions, but at no time came close to strJking 

Unsatisfactory releases were obtained 

However, a satisfactory release, 

At a free-stream Mach number of 1.39, clean separation was 

At low altitude the pylon tank experienced 

the airplane model. 

* 
Title, Unclassified. 
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a INTRODUCTION 

Among the many problems associated with the operation of aircraft 
has been the one of store separation. This problem has become acute with 
the increase of aircraft speeds from high subsonic velocities to super- 
sonic velocities. Low density stores, such as empty external fuel tanks, 
which have a low relative density ratio and low moment of inertia, react 
readily to the influence of aerodynamic forces and moments. This reac- 
tion often causes the store to come in contact with the carrying aircraft 
after release. 

To extend the range and mission capability of a current fighter air- 
plane, several external stores were developed. 
fuselage-weapons stores, pylon-mounted fuel tanks, and wing-tip mounted 
fuel tanks. 

These stores include 
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The purpose of the present investigation was to determine the capabil- 
ity of the current fighter airplane to satisfactorily eject these exter- 
nally carried stores at transonic and supersonic speeds. Therefore, a 
study of the store oscillations and trajectories which occurred near the 
airplane model after release was made. The stores were ejected at free- 
stream Mach numbers of 0.9, 1.39, and 1.98. Approximate altitudes simu- 
lated were sea level, 7,800, 11,000, 25,000, and 40,000 feet. 

. 
This investigation was made in the 27- by 27-inch preflight jet of 

the NASA Wallops Station using 0.0858 dynamically scaled models. 
number per foot for the models tested was approximately 7 x 10 
14 x 106. 
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SYMBOLS 

a 

dS 

E 

F 

ha 

IY 

L 

acceleration, g units or ft/sec2 

maximum store diameter, in. 

ejection energy, produced by detonation of an electric squib, 
model, and prctotype 

force, lb 

simulated altitude 

store moment of inertia about pitch axis, slug-ft2 

characteristic length 
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store length, in. 

free-stream Mach number 

model mass, slugs 

static pressure, lb/ft2 

dynamic pressure, lb/ft2 

ejector piston stroke, in. 

time interval between frames on microflash photographs, 
milliseconds 

weight, lb 

center of gravity, measured from nose of store, in. 

horizontal coordinate of store displacement, with origin at 
the store center of gravity at initial release, positive 
downstream, in. 

3 

coordinate of lateral store displacement (wing-tip tank only) 
with origin at center of gravity at initial release, posi- 
tive to.the starboard, in. 

vertical coordinate of store displacements, with origin at the 
store center of gravity at initial release, positive down, in. 

wing angle of attack, deg 

store pitch angle with respect to the horizontal, deg 

94 
LP h scale factor, - 

*S 

Subscripts : 

M model 

P prototype 

00 free-stream conditions 

store yaw angle with respect to vertical plane, deg 
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MODELS AND APPARATUS 

Stores 

Figures 1 to 6 show model sketches of the dynamically scaled stores 
tested, which consist of three fuselage-weapons stores, a pylon mounted 
fuel tank, a pylon, and a wing-tip tank. 

Bomb 1.- Bomb 1 (fig. l(a)) is a symmetrical streamlined bomb with a 
fineness ratio of 8.33 and cruciform tail fins. 
between the tail fins of this store and the ventral fin of the airplane, 
it was necessary to install the store with its fins rotated 6' counter 
clockwise. 

Due to the small clearance 
L 
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Bomb 2.- Bomb 2 (fig. l(b)) is a streamlined bomb with a fineness 
ratio of 7.57. The tail fins with the plan form as shown in figure 5 were 
rotated 30' downward from the horizontal plane and given a small negative 
angle of incidence. The full-scale bomb carries a parachute in its tail 
section. The parachute is deployed after release to help stabilize the 
bomb and allow a slower descent. 
simulated in this investigation. 

The deployment of the parachute was not 

Weapons pod.- The weapons pod (fig. l(c)) has a relatively large 
hemispherical nose followed by a conical section. The midsection is 
cylindrical with a conical boattailed afterbody. This configuration 
was tested with and without tail fins. The fineness ratio was 9.20. 

Pylon.- The plan form of the pylon is shown in figure 2. Basically 
it is used for the purpose of mounting a fuel tank. 
sweptback leading edge of 62.5O with a straight nonswept trailing edge. 
The pylon thickness-to-chord ratio at the wing lower surface is 5.1 per- 
cent and at the pylon tank upper surface, 3.3 percent. 

This pylon had a 

Pylon fuel tank.- A pylon tank is carried under each wing, and each 
The tank is attached to the has a capacity of 200 gallons (full scale). 

above described pylon. The distance between the lower surface of the 
wing and the upper curvature of the tank was 1.17 inches (model scale). 
The tank is carried in a nose-down attitude of approximately 3 O  relative 
to the wing chord line. A model sketch and tail fin arrangement of the 
pylon tank is shown in figure 3. The fineness ratio was 10.25. 

Wing-tip tank.- The wing-tip tank is fitted over the wing tip by 
means of a recessed slot in the tank body. The capacity of the wing- 
tip tank is 165 gallons (full scale). A vortex generator is mounted on 
the forward portion of the tank body for the purpose of improving the 
flow characteristics over the wing tip when the tip tank is installed. 
A model sketch including the vortex generator and tail fin configuration 
is shown in figure 4. The tank fineness ratio was 10.25. 

., 

. 



L 
5 
14 

. 

0.0 . 0.. 0 .  . 0 .  0 .  .. * .a . . . t ’ ”  . .. 0 .  . 0 ... 0 .  

Fin plan forms.- The f i n  +Ian ?or& with dimensions are shown i n  
figures 3 and 6.  

t i o n  and e j ec t ion  were accomplished through the use of a piston-cylinder 
combination as shown i n  figure 7. I n  some cases t h e  p i s ton  w a s  a t tached 
t o  the  s t o r e  model and the  cyl inder  to  the  airplane model. 
cases the  reverse w a s  t r u e .  I n  e i the r  case,  after t h e  p i s ton  was f i t t e d  
i n  the  e j ec t ion  cylinder,  a pin was inser ted i n  a hole  d r i l l e d  through 
t h e  e j ec t ion  cyl inder  and p is ton .  
f o r  proper alinement. 
i n  t u r n  sheared the  inser ted  p i n  and e jec ted  the  s to re .  The e j e c t i o n  
energy was scaled by the  expression 

Store i n s t a l l a t i o n ,  eJect ion,  and construction.-  Store  i n s t a l l a -  

I n  other  

Guide p ins  i n  t h e  s t o r e  body w e r e  used 
E lec t r i c  squibs were used t o  fo rce  the  p i s ton  which 

This expression i s  derived i n  the  appendix. 

The s t o r e  models were constructed of so l id  duralumin and ba l l a s t ed  
with tungsten except f o r  two models which were constructed from re in-  
forced p l a s t i c .  An attempt w a s  made t o  construct a l l  t h e  s t o r e  models 
from reinforced p l a s t i c ,  but most of these models f a i l e d  under the  aero- 
dynamic loads encountered i n  the  supersonic airstream. The data  from 
two reinforced p l a s t i c  m o d e l s  (pylon tanks)  which did not f a i l  have been 
presented herein.  

Airplane Model 

Figure 8(a) shows a 0.0858-scale model of the current  f i g h t e r  a i r -  
plane. The a i rp lane  model was attached t o  a s ingle  s t r u t  ( f i g .  8 ( a ) )  
which was f r e e  t o  be moved only i n  the v e r t i c a l  d i r ec t ion  between t r ack  
r o l l e r s  i n  the  beam support. 

I n  some tests it was necessary t o  impart an  upward acce lera t ion  t o  
t he  a i rp lane  model a t  the  in s t an t  of s t o r e  re lease .  
case t h e  upward accelerat ion of the  airplane model was obtained from l i f t  
and a hydraulic cyl inder  which was attached t o  the  upper end of t he  ver- 
t i c a l  fuselage s t r u t .  Deceleration o f  the  a i rp lane  model near t he  end 
of i t s  upward movement was obtained by two damping hydraulic cyl inders  
mounted on the  beam support ( f i g .  9).  

When t h i s  was the  

The nose of the  airplane fuselage was placed approximately 2 inches 
downstream from the  nozzle e x i t .  

Pref l igh t  J e t  

All tes ts  were made i n  t h e  27- by 27-inch p re f l igh t  j e t  of t he  
NASA Wallops S ta t ion  ( r e f .  1) i n  which the s tagnat ion pressures and 
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temperatures could be varied. The Mach number of 
by the use of interchangeable nozzle blocks. The 
is shown in figure 9. 

Photography 

the test was changed 
complete test setup 

High-speed microflash photographs were made of the store ejections. 
Lighting was supplied by a series of flashbulbs which were electron- 
ically timed to overlap. The film was exposed through narrow radial 
slits in a rotating disk placed in front of the camera lens. 
interval between exposures varied between tests and is listed in table I. 

The time 

TESTS 

Dynamic Similarity 

Two basic methods of obtaining dynamic similarity were employed in 
the present tests. 
(2) heavy model method. 
dimensional radii of gyration, Mach number, air properties, air tempera- 
ture for model and full-scale configuration be equal and that model and 
full-scale configuration be geometrically similar. 

These methods are (1) light model method, and 
Both methods (ref. 1) require that the non- 

Light model method.- Using the light model method the model weight 
and moment of inertia are defined by the following expressions: 

and 

WM = ($ WP 

With this method of scaling, the time to travel a distance of one char- 
acteristic length in the streamwise or x-direction, and the period and 
time to damp the short-period longitudinal oscillation are proportional 
to the characteristic length. The aerodynamically produced accelerations 
are inversely proportional to the characteristic length. Inasmuch as 
the gravity-induced acceleration cannot respond to scale changes in a 
manner similar to the aerodynamically-induced accelerations, the vertical 
acceleration, velocities, and displacements are deficient. One way of 
minimizing this deficiency is to accelerate the parent model vertically 



* 

I '\ 

. 

7 

at  a rate equal  t o  

t r a j e c t o r y  of the model with respect  t o  the parent  model then c lose ly  
approximates t h a t  of the fu l l - sca l e  configuration. 
1ight.model method iden t i f i ed  here in  as  M-LM) was used i n  most of the 
present  tests.  

- - 1 g, a t  the i n s t a n t  of s t o r e  release. The (2 ) 
This method (modified 

Heavy model method.- I n  the heavy 
and moment of i n e r t i a  are given by the 

model method (H-M) the  model weight 
following expressions: 

I n  t h i s  method, the aerodynamically produced acce lera t ions  are independent 
of the sca l e ,  whereas the per iod and ve loc i ty  are proport ional  t o  t h e  
square root  of the  sca le .  I n  the present test ,  due t o  dens i ty  l imi t a t ions  
of ava i lab le  mater ia ls ,  some of t he  s tores  on which t h e  heavy model method 
was used were l i g h t e r  than the  required weight. Therefore, t o  circumvent 
t h i s  def ic iency i n  w e i g h t ,  t he  parent model was given an  upward accelera- 
t i on .  The value of acce lera t ion  was given by the  following expression: 

Wrequired - 
t u a l  

acce le ra t ion  i n  g ' s  = 

Therefore, the s to re  w e i g h t s  were simulated but  the moments of i n e r t i a  
were i n  e r r o r .  

Test  Method and Accuracies 

I n  a l l  tests where the  a i rp lane  model w a s  accelerated upward the air-  
plane model, with s to re  attached, was held s t a t iona ry  i n  the  tunnel a i r -  
stream u n t i l  the  tunnel  reached operating conditions.  Then a t  the  same 
t i m e  t h a t  the a i rp lane  model was accelerated upward, the s t o r e  was e jec ted  
downward. 
was he ld  s ta t ionary  i n  the tunnel a i rs t ream during the complete t es t .  
(See remarks column, table I.) 
with a series of f lashbulbs  and the  opening of a camera shu t t e r .  Thus, 
with a s l o t t e d  spinning d i sk  i n  f ron t  of t he  opened camera shu t t e r ,  the 
camera took a scaled time t r a j e c t o r y  of t he  f r ee - f a l l i ng  s t o r e  on a piece 
of 8- by 10-inch film. 
condi t ions.  

I n  the  test where the airplane model was not accelerated it 

The re lease  of the s t o r e  w a s  synchronized 

Table I l i s t s  each test along with per t inent  
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A summary of t he  estimated maximum probable e r r o r s  f o r  the  t e s t s  and 
s t o r e  models i s  presented i n  the  following t ab le :  

x s / d s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.004 
z s / d s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.004 
€ I s ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.5 
p, l b / in .  . . . . . . . . . . . . . . . . . . . . . . . . . .  KI.01 
L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 
EM, percent . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.10 
Iy,M: 

Bomb 2, (percent too small) . . . . . . . . . . . . . . . . .  44.8 
Pylon, (percent too small) . . . . . . . . . . . . . . . . .  5.05 

Bomb 1, (percent too small) . . . . . . . . . . . . . . . . .  47.7 
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RE3ULTS AND DISCUSSION 

The r e s u l t s  are presented i n  the  form of microflash photographs, 
along with p l o t s  of the  p i t ch  o s c i l l a t i o n s  and t r a j e c t o r i e s .  
o s c i l l a t i o n  and t r a j e c t o r y  da ta  were measured from t h e  photographs. 
Zero t i m e  was taken t o  correspond t o  the  detonation of t h e  e l e c t r i c  squib.  

The p i t c h  

Figures 10 through 15 present  t h e  photographs with t h e  conditions 
of t he  p a r t i c u l a r  t es t .  
of indicat ing lateral  deviation and angle of yaw. 

A bottom view photograph i s  shown f o r  t he  purpose 

Figures 16 through 20 show time-history p l o t s  of t he  s to re  o s c i l l a -  
t i o n s  and displacements. I n  the  t e s t s  where the  a i rp lane  model was 
accelerated,  t he  t r a j e c t o r i e s  have been corrected f o r  t he  r e l a t i v e  d i s -  
tance between the  a i rp lane  model and t h e  pos i t i on  of the  e jec ted  s t o r e .  

Ejections using bomb 1 were considered s a t i s f a c t o r y  i f  the  bomb 
experienced p i t c h  amplitudes not exceeding spec i f ied  f12O l i m i t s ,  with 
t h e  s tore  following a downward t r a j e c t o r y  while immersed i n  the tunnel  
a i r s t r e m  . 

Desired maximum pos i t ive  p i t c h  amplitudes not exceeding 45' i n  
0.4 second ( fu l l  s c a l e )  (0.033 millisecond model s c a l e )  after release 
were specif ied f o r  bomb 2. 
described above would be f u l l y  deployed and e f f e c t i v e .  

A t  t h i s  t i m e  after r e l ease  the  parachute 

A l l  o ther  s t o r e  e j ec t ions  were considered t o  be s a t i s f a c t o r y  i f  
c lean  separation from the  a i rp lane  model was experienced. 
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The photographs of the bomb 1 ejections (fig. 10) show satisfactory 
releases were obtained at the conditions stated. The measured data 
(fig. 16(a)), with a, = lo, indicate maximum pitch amplitudes of -9' 
to 6O were obtained in test 1. A repeat of test 1 (test 2) shows that 
the store pitch amplitudes repeat within 4'. 
appear identical for the entire time the store was immersed in the tun- 
nel airstream. 

The store trajectories 

Changing the wing angle of attack to 0 . 6 ~  (fig. 16(b)) indicated no 
significant change in the store pitch characteristics. A small deviation 
is noted in the trajectory of the repeat of test 3 (test 4). This devia- 
tion is attributed to not obtaining the exact upward acceleration of the 
airplane model in the repeat test. Also, the change in acceleration of 
the airplane model resulted in a change in simulated altitude. 

Bomb 2 Ejections 

The photographs of the bomb 2 ejections (fig. 11) show satisfactory 
separation at the conditions stated. The measured data presented in 
figure 17 indicate a maximum pitch amplitude of 16O for approximately 
eight store diameters (1200 milliseconds after release, full scale) 
below the release point (test 5). 
the store pitch amplitudes repeat within 4' for the first eight store 
diameters below the release point. !he trajectories (tests 5 and 6) appear 
identical for the first four store diameters below the release point, after 
which a small deviation is noted. This deviation, as stated previously, 
is attributed to not obtaining the exact upward acceleration of the air- 
plane model in the repeat test. A l s o  this deviation resulted in a change 
in simulated altitude. 

Test 6 is a repeat of t es t  5 and shows 

Weapons Pod Ejections 

Using the basic body configuration, the measured data (fig. 18(a), 
test 7) show that the store remained in a near level flight attitude for 
approximately five store diameters below the release point. The store 
then obtained lift and experienced large positive pitch amplitudes. This 
caused the store to pass close to the tail of the airplane model. There- 
fore, test 7 was not a satisfactory test and modifications to the weapons 
pod were attempted. 
the center-of-gravity location was moved aft. 
force to be applied in front of the center-of-gravity location, 
(xs/ds = 0.055). 

By adding weight to the tail section of the store, 
This allowed the ejection 

Test 8 (fig. 18(a)) shows this modification did not 
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improve the flight characteristics of the store. Test 9 (fig. 18(a)) 
shows an ejection with horizontal-tail fins installed. The large positive 
pitch amplitudes obtained in the previous tests were reduced, and the 
store remained in a near level flight attitude during the entire time 
that the store was in the tunnel airstream. 

Data showing a variation in prototype dynamic pressure (qp) of the 

weapons pod are shown in figure 18(b) (tests 10 and 11). 
repeated for comparison. It was found that varying qp did not reduce 
the large positive pitch amplitudes obtained previously. 
time to reach a particular pitch amplitude became larger as 

increased. 

Test 7 has been 

However, the 
qp was 

Pylon Tank Ejections 

Photographs of the pylon tank ejections along with simulated condi- 
tions are shown in figure 13. The measured data are shown in figure 19. 
The ejection force was applied on the pylon tank in front of the center- 
of-gravity location by 

The pylon tank at low altitude experienced large negative pitch 
angles in the immediate vicinity of the airplane model (test 12, fig. lg), 
which caused the tail of the tank to remain close to the trailing edge 
of the wing for approximately 25 milliseconds (model scale). 
(fig. 19) shows a clean separation of the pylon tank at high altitude. 

xs/ds = 0.5819. 

Test 13 

Tip Tank Ejections 

Clean separation was obtained with an empty tip tank condition as 
shown in the photographs of figure 14. The measured data (fig. 20) indi- 
cate the yaw attitude angle ( q S )  remained near Oo for approximately 
20 milliseconds (model scale) after release (test 14). 
(0 , )  remained below -loo for approximately 25. milliseconds (model scale) 
after release. 
small change in the trajectories measured in the vertical plane. This 
change is attributed to not obtaining the same ejection energy in both 
tests. 

The pitch angle 

Test 15 (fig. 20) is a repeat of test 14, and shows a 

Pylon Ejections 

Photographs of the pylon ejections are shown in figure 15. The 
pylon appears to follow a downward trajectory while immersed in the tun- 
nel airstream. However, erratic motions were experienced by the pylon 
after release, but did'not come in contact with the airplane model. 
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Due t o  t h e  e r r a t i c  motions after release,  no pylon t r a j e c t o r i e s  or p i t c h  
amplitudes were measured. 

Lateral Deviation and Angle of Yaw 

A s  s t a t e d  previously,  the  bottom view photographs a r e  presented f o r  
t h e  purpose of showing lateral  deviation and angle of yaw. In general ,  
it appears t h a t  lateral  deviat ion and angle of yaw were not excessive 
while t he  s t o r e s  t e s t ed  w e r e  immersed i n  t h e  tunnel  airstream. 

CONCLUSIONS 

An inves t iga t ion  has been conducted i n  t h e  27- by 27-inch p r e f l i g h t  
j e t  f a c i l i t y  a t  the  NASA Wallops Stat ion t o  determine t h e  capab i l i t y  of 
a cur ren t  f i g h t e r  a i rp lane  t o  e j e c t  ex terna l  s t o r e s  a t  t ransonic  and 
supersonic speeds. 

The following r e s u l t s  are indicated: 

1. Sat i s fac tory  r e l ease  cha rac t e r i s t i c s  were obtained with bomb 1 
a t  8 free-stream Mach number of 1.98 and high a l t i t u d e .  

2. Sa t i s f ac to ry  release cha rac t e r i s t i c s  w e r e  obtained with bomb 2 
a t  high subsonic speeds and low a l t i t u d e s .  

3 .  Unsatisfactory releases were obtained with t h e  bas ic  weapons 
pod configuration. 
a sa t i s f ac to ry  re lease  was obtained a t  a free-stream Mach number of 1.39 
and high a l t i t u d e .  

However, by the  addi t ion of ho r i zon ta l - t a i l  f i n s ,  

4. Clean separat ion was obtained with an empty pylon tank a t  a 
free-stream Mach number of 1.39 and high a l t i t u d e .  
pylon tank experienced la rge  negative p i t c h  angles i n  the  immediate 
v i c i n i t y  of t he  a i rp lane  model. 
tank t o  remain close t o  the  wing t r a i l i n g  edge f o r  approximately 
25 milliseconds (model sca le )  a f t e r  release. 

A t  l o w  a l t i t u d e  t h e  

This caused the  t a i l  sec t ion  of the  

5 .  Clean separat ion was obtained with an empty wing-tip tank a t  a 
free-stream Mach number of 1.39 and11,000 feet .  

6. Clean pylon separat ion was obtained a t  high subsonic and super- 
sonic speeds, and a t  low and high a l t i t udes ,  respect ively.  After  r e l ease  
the  pylon experienced e r r a t i c  motions, bu t  a t  no t i m e  came i n  contact 
with t h e  a i rp lane  model. 
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7. I n  general, l a t e r a l - d e v i a t i o n  and angle of yaw did  not  appear 

excessive f o r  the s tores  tes ted .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  V a . ,  Ju ly  27, 1959. 
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APPENDIX A 

EJECTION ENERGY REIATIONSHIP 

Since an ejection force (electric squibs) is used to e,ct the 
externally carried full-scale stores from the fighter configuration 
presented herein, it is necessary to scale the ejection energies in a 
manner shilar to the dynamic scaling of the stores. 
some of the similarity relationships of reference 1 and the familar 
equation 

Therefore, using 

F = Ma, an expression for the model ejection energy is derived. 

Modified Light Model Method 

The ejection energy equations fo r  the modified light model method 
are derived as follows: 

% - wM - - -  
EP wP 

From reference 1 

theref ore 

Heavy Model Method 

The ejection energy equations for the heavy model method are derived 
as follows: 
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aM = a p  (ref.  1) 

‘M - - -  - ’M ,,2 

FP PP 

L 
5 
4 
5 

From reference 1 

, ,-=- FM EM (from above) 
FP EP 

theref  ore 

EM = Ep ’M - ~3 
pP 

Therefore, the  model e j ec t ion  energy i s  independent of t he  method 
of simulation. 
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(a) Bomb 1; 2,/d, = 8.33. 

(b) Bomb 2; 2 ,  d, = 7.57. I 
6.458 10.911 

I I 

~ n 

1 
I 

View rotated 90" 
Horizontal fin installation 

(c) Weapons pod; 2 ds = 9.20. 
S I  

Figure 1.- The 0.0858-scale models of externally carried fuselage stores. 
A l l  dimensions are in inches. 
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Store contour 
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I I ' I  

23 

Dia m. 

Figure 7.- Typical ejector detail. A l l  dimensions are in inches. 
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I 

L-57-5636.1 
Figure 9.- Equipment installation in the 27- by 27-inch preflight jet. 
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Test  2 ;  side view 

Test 2; bottom view; repeat of test I ; h, 22,100 feet 

(b) T e s t  2 .  

Figure 10.- Continued. 



Test I; side wew 

Test I; bottom view; h, = 26,370 feet ; a W =  l o  
- 

(a) T e s t  1. L-59-5018 

Figure 10.- Microflash photographs of bomb 1 ejections. M, = 1.98. 



Test 3; side view 

. 

1 .i . . . .  .::. ":: -1: . . . . .  . . .. . . . . 
Test 3; bottom view ; ha = 20,000 feet; a,=0.6" 

( c )  Test 3 .  
Figure 10.- Continued. 

L- 59 - 50 20 
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Test 4; side view 

Test 4; bottom v iew;  repea t  o f  test 3 ;  ha=  27,750 feet  

( d )  T e s t  4. 

Figure 10. - Concluded. 

L-59 -5021 



0 . .  . . ... . ... 0 .  0 .  

Test 5 ; side view 

Test 5 ;  bottom view; h a  = 7 , 5 5 0  feet 

(a) Test 5 .  L-53-5022 

Figure 11.- Microflash photographs of bomb 2 e j ec t ions .  M, = 0.9; 
% = 1.50. 
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Test 6; side view 

Test 6 ;  bottom view; repeat Of test 5 ; h, = 10,875 feet 

(b) T e s t  6 .  L-59 -5023 

Figure 11. - Concluded. 
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Test 7; side view 

. 1. . .. . . . ... . . . .  . . . .  ... .. 

33 

Test 7 ;  b o t t o m  view; ha= 33,750 f e e t ;  q = 730 Ib / f t 2  

(a) Test 7. L-59-5024 
Figure 12. - Microflash photographs of weapons pod ejections. & = 1.39; 

% = 20. 
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. . . . . . . .  

Tes t  8; side v iew 

2 
Test 8 ;  bottom view; h a = 3 3 , 6 7 0  feet ;  q -725  Ib / f t  P 

(b) T e s t  8. 

Figure 12. - Continued. 
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I- 

n I 

.... .. ... .. 
Test 9 ;  side view 

I 
* Bt 

. . . .. . . .  . . .  

Test 9;  bot tom view; h, =31 ,820 feet ;  qp  795 I b / f t 2  

( c )  Test 9. 

Figure 12.- Continued. 

L-59-5026 
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Test IO; side v iew 

. . . . . . .  . . . . . .  . . . . . . . .  . . . .  

2 
Test IO; bo t tom view; h, =27,600 feet ;  qp:950 Ib/ f t  

(d) Test 10. 

Figure 12.- Continued. 
L-59 -5027 
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T e s t  II; side view 

. 

Test II; b o t t o m  view; h, = 30,500 feet; qp  = 850 I b / f t 2  
~ ~ - _. 

( e )  Tes t  11. 

Figure 12.- Concluded. 
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Figure 13.- Microflash photographs of pylon tank e j ec t ions .  I% = 1.39. 

! 

I 

11 

Test 12; side view 

.. . . .  

Test 12; bottom view; h,=7,800 f t ;  ow= 1.5" 

(a) T e s t  12. L-59 -5029 
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Test 13; side view 

(b) Test 13. 

Figure 13. - Concluded. 
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T e s t  14; side view 

Test 14; bottom view 

(a) Test 14. L-59-5031 

Figure 14.- Microflash photographs of t i p  t a d  ejections. M, = 1.39; 
ha = 11,000 feet;  % = 1.50. 
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Test 15; side view 

T e s t  15 ; bottom view; repeat o f  test 14 

(b) Test 15. 

Figure 14. - Concluded. 
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c 

Tes t  16: side view 

. 

Test 16; b o t t o m  view ; Ma = .86; ha  = s e a  level; Q w = 6 O  

(a) Test 16. 

Figure 13.- Microflash photographs of pylon store ejections. 

L-59 -50 33 
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Test 17; side view 

Test 17; bottom view; Mm=.85; ha = sea level; a W = 6 O  

(b) Test 17. 

Figure 13. - Continued. 
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............... ....... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ...... .. .............. 

. . . . . . .  
T e s t  18: side view 

Test 18; bottom view; Ma = 1.39; h,=39,900 feet; a,=3.5" 

( c )  Test 18. L-59-5035 
Figure 1.5.- Continued. 
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. . . .  . . . . .  

T e s t  19; side view 
._ . 

Test  19; bottom view; M,=1.39; h, =8,400; Q ~ :  1-5" 

( d )  T e s t  19. L-59-5036 
Figure 15.- Continued. 
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I - 
Test 20; slde vlew 

....... . . . . .  . . . . .  . . . . .  I : ........ 
. .  

, *. 

Test  20; bo t tom view; M,=1.98; ha =37,900 feet;aW=1.5O 

(e) Test 20. 
Figure 15. - Continued. 

L-59 -5037 
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Test 21 ; side view 

......... . . . . . . .  . . . . . .  . . . . . .  . . . . . . .  ......... 

Test 21; bottom view; M, 1.98; ha = 24,700 f e e t  ; Q w =  l o  

(f) T e s t  21. 

Figure 13. - Concluded. 
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Figure 16.- Bomb 1 oscillations and trajectories at M, = 1.98. 



7c 

Z S  

cn 
W 
-0 
. -  
am 

40 

A 4 3 2  750 0.6' 20  

0 

.20  . __ 
-20 0 20 40 60 80 100 120 140 160 

Time in milliseconds 

0 2 4 6 8 IO 12 14 16 -2 

xs/ds 

49 

Figure 16. - Concluded. 
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Figure 18.- Bomb 2 oscillations and trajectories. M, = 1.39; + = 2'. 
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Figure 19.- Pylon tank store oscillations and trajectories. M, = 1.39. 



54 

0 U 

3 
al 
0 
C 0 

- 

3 
2 

@- 

-IO 0 IO 20 30 40 
Time in  milliseconds 

- 1 0 1 2 3 4 5  
x /d 

IO 

0 

-10 

qr, - L" 
-10 0 IO 2 0  3 0  40 50 

Time in mi l l iseconds 

- I  0 I 2  3 4 5 6  7 8 9 1011 1 2 1 3  14 

% I d s  

Figure 20.- Empty t i p  tank store oscillations and trajectories. 
Moo = 1.39; ha = 11,000 feet; % = 1.3O. 


